relationship between chemical components of the injured portion in acetic acid ulcer and ulcer healing, and the influence of anti-inflammatory drugs on the ulcer were investigated herein. The hexosamine content in the corpus of normal rat stomach was decreased by a 20 day administration of Na salicylate or phenyl butazone.
Abstract-The
relationship between chemical components of the injured portion in acetic acid ulcer and ulcer healing, and the influence of anti-inflammatory drugs on the ulcer were investigated herein. The hexosamine content in the corpus of normal rat stomach was decreased by a 20 day administration of Na salicylate or phenyl butazone.
Healing of 10% acetic acid ulcer was delayed remarkably by Na salicylate or phenylbutazone, and hexosamine in the injured portion of the ulcer was decreased simultaneously.
Steroidal anti-inflammatory drugs delayed healing of the ulcer, especially in the early stage administration, where hexosamine and hydroxyproline decreased significantly. Sodium salicylate, on the contrary, delayed the ulcer heal ing in the early and also later stage administration.
Lowered hexosamine content in the mucosa and fall of hydroxyproline content in the stroma of the injured portion paralleled the increase of area index and grade index, respectively. In the delayed healing of the ulcer with anti-inflammatory drugs, it was clarified that changes of tissue components of the injured portion immediately after the ulcer formation play an important role in ulcer healing.
It has been observed in both humans and experimental animals that anti-inflamma tory drugs injured gastric mucosa and produced hemorrhagic gastritis or gastric ulcer.
The mechanism of these drugs has not been completely clarified, however, it was found that aspirin decreased the gastric acid secretion in man (1) and in the dog (2) .
Phenylbutazone decreased gastric acid secretion in man (29) , but no change was found in the dog (3) . Indomethacin slightly decreased this secretion in the dog (4). On the contrary cortisone increased gastric acidity in man (5), while prednisolone brought about no change (6) .
Since the reports that the gastric acid secretion is not affected by anti-inflammatory drugs were so numerous, changes in gastric mucous secretion and its biochemical pro perties have been observed to be the cause of lesions produced by anti-inflammatory drugs.
There are a number of reports that gastric mucus decreased and its biochemical properties were changed under the influence of anti-inflammatory drugs (7) (8) (9) (10) (11) (12) . Although many reports were concerned with the effects of anti-inflammatory drugs on the mucus of gastric juice and the biochemical components of whole gastric mucous membrane, there are few reports relating the ulcerogenic action of the drugs to the mucous change in an existing ulcer. The effects of steroidal anti-inflammatory drugs on the healing of thermal ulcer were histochemically studied (13) (14) (15) . Recently, the effect of anti-inflammatory drugs on the uptake of 35S in the ulcerous area of chronic experimental ulcer has been reported (16) . It has been demonstrated (17) that an early and rapid increase of hexosamine con tents in the injured portion of the rat acetic acid ulcer is the most important factor for healing.
The present is concerned with the relationship between the components of the acetic acid ulcer site and the healing retardation induced by anti-inflammatory drugs. The me thods used in the previous paper (17) for determination of the components were partially modified in the experiment.
MATERIALS AND METHODS 1. Influence of anti-inflammatory drugs on the gastric mucous membrane of normal rats Anti-inflammatory drugs were administered orally to male Donryu rats, aged 81 to 83 days. On day 5, 10 and 20 after the start of administration, 6 to 10 animals were sacri ficed, the stomachs were immediately isolated, fixed in 10%) neutral formalin, replacing ethanol previously used (17) and the components of gastric corpus were determined. Only on day 5 after the administration were they determined both on the antrum and corpus.
Na salicylate and phenylbutazone were used as non-steroidal anti-inflammatory drugs. These drugs were mixed with the powder diet in 0.5 or 0.2% respectively which was fed daily. As the chemical components of gastric tissue, hexosamine and hydroxyproline were determined. The tissue samples were separated into the mucosa and the stroma which included submucosa, muscle and serosa. These tissues were dehydrated and de fatted with ethanol, acetone and ether and then dried under reduced pressure.
(1) Determmllation of hexosamine About 20 mg of the dried small tissue fragments were weighed as accurately as pos sible and hydrolyzed with 2 ml of 4 N HCl for 9 hr at 100°C. Hexosamine in the hydro lyzed solution was determined by Masamune's method (18) .
(2) Determination of hydroxyproline About 15 nig of the dried small tissue fragments were weighed as accurately as pos sible and hydrolyzed with 1 ml of 6 N HCl for 12 hr at I l0°C in a sealed tube. Hydroxy proline in the hydrolyzed solution was determined by Robert's method (19) . 2. Influence of' anti-inflalnlllatory drags on healing of the 10 % acetic acid ulcer Male rats of Donryu strain, aged 81 to 83 days were divided into 3 groups as follows:
(1) Control group with no treatment, (2) Na salicylate treated group, (3) phenylbutazone treated group. These anti-inflammatory drugs were mixed with the powder diet in 0.5 or 0.2% re spectively, and were given consecutively for 20 days, that is, 10 days before and after the ulcer production. The acetic acid ulcer was produced by the injection of 0.05 ml of 10 acetic acid solution into the stomach wall of rat as reported previously (20) . Animals were sacrificed on day 10 after the opera tion, the stomachs were excised, the ulcer index was estimated and then fixed in 10 neutral formalin. Histochemical observa tion was done on some preparations.
Ulcer index is expressed in terms of both the area index as the product of the length and width of a ulcer and the grade index which was divided into five grades as for the perforation in 5 or scar in 1.
As shown in Fig 3. Influence of anti-inrflannnatory drugs on healing of the 3 % acetic acid ulcer Male rats of Donryu strain, aged 68 to 70 days were divided into 3 groups: (1) con trol group, (2) Na salicylate treated group, (3) phenylbutazone treated group. Details were the same as those in the previous section and acetic acid ulcer was produced by injecting 3%) acetic acid on day 7 after the start of administration of the anti-inflammatory drugs. 4. Changes of the components in the gastric tissue and the delay of ulcer healing by the time anti-inflammatory drugs were administered Prednisolone or cortisone was used as a steroidal and Na salicylate as a non-steroidal anti-inflammatory drug. Donryu strain male rats aged 87 to 89 days were used for ad ministration of steroids and were divided as follows: (1) The administration in the early stage was performed daily from 3 days prior to 3 days after the operation. The later stage was 6 days starting on the 4th day after the opera tion. Acetic acid of 10;,; was used in this experiment for the production of the acetic acid ulcer. Animals were sacrificed on day 10 after the operation for the determination of gastric tissue components and ulcer indices.
Male rats of Donryu strain, aged 82 to 84 days were used for administration of non steroidal drugs and were divided into three groups, the early stage, later stage and control.
Administration in the early stage was performed daily from 2 days prior to 5 days after the operation. The later stage was from the 5th to the 1 l th day after the operation. All animals were sacrificed on day 12. 5. Time course of healing of acetic acid ulcer treated with anti-inflammatory drugs Male rats of Donryu strain, aged 84 to 90 days were divided into three groups, treated with Na salicylate, prednisolone and saline. Ten percent acetic acid ulcer was produced in every animal and anti-inflammatory drugs were administered s.c. every two days. Ani mals were sacrificed on days 7, 14 and 25 after the operation and the ulcer indices and the components of gastric tissue were determined.
RESULTS
1. Influence of anti-inflammatory Cliiigs on the gastric mucous membrane of normal rats As shown in Table 1 , hexosamine content of the antral mucosa was higher than that of the corpus in normal rats. This was in good agreement with the results of Robert et a]. (21), however, the hydroxyproline content of antral stroma was conversely lower than that of corpus.
The daily oral administration of phenylbutazone or Na salicylate for 10 days to normal rats resulted in a decrease in the hexosamine content in the mucosa of the corpus, while the decrease of the hexosamine content in the antral mucosa was already observed on day 5 ( Table 2) . Numbers in parentheses indicate number of determinations except those in body wt. column which indicate number of rats. Injured portion included 2 to 3 mm of mucosal margin surrounding the ulcer and also the ulcer floor in the stroma. Animals were sacrificed on day 10 after the operation. Body wt., ulcer index and content of components are expressed by mean*s.e.
Calculation of ingested drugs is as in Table 1 .
Influence of anti-inflammatory drugs on healing of the 10 % acetic acid ulcer
The ulcer index increased remarkably with the 20 day administration of anti-inflam matory drugs. Although the hexosamine content of mucosa of the injured portion de creased by administration of the anti-inflammatory drugs, that of the stroma decreased only by Na salicylate administration. Hexosamine and hydroxyproline in the intact por tion of stomach decreased only with Na salicylate administration (Table 3) .
FIG. 2. Margin of 10% acetic acid ulcer treat ed with phenylbutazone. (on day 10) PAS and alcian blue x 40
Reduced PAS positive mucous substance was quite apparent at the edge of the ulcer.
FIG. 3. Margin of 10% acetic acid ulcer with out any treatment. (control) (on day 10) PAS and alcianblue x 4O
A large amount of PAS positive mucous substance was quite apparent at the edge of the ulcer. Under histochemical observation, the PAS and alcian blue stain in the injured portion of stomach decreased by treatment with anti-inflammatory drugs, as compared with con trol. At that time the reduction of the mucous substances was remarkable, especially with the phenylbutazone treatment (Figs. 2 and 3) .
In addition, in the groups treated with anti-inflammatory drugs, a number of fibroblasts and capillary vascular beds was recognized in the ulcer floor as compared with the con trol which had already formed a scar.
Influence of anti-inflammatory drugs on healing of the 3 % acetic acid ulcer
The area index of 3 % acetic acid ulcer was smaller than that of 10 % acetic acid ulcer and it was increased only with phenylbutazone, the healing being delayed. Simultane ously the hexosamine of the mucosa in the injured portion was decreased only with phenyl butazone (Table 4) . 4 . Changes of the components in gastric tissue and healing of the ulcer by the time anti inflammatory drugs were administered As shown in Table  5 , when steroidal anti-inflammatory drugs were administered in the early stage, the ulcer index was larger, the ulcer floor was deeper than those in the later stage administration and delayed healing was observed. When cortisone was adminis tered in the early stage of the ulceration, hydroxyproline content in the injured stroma of ulcer floor was reduced remarkably, but it was not reduced in the later stage admin istration. Simultaneously, hexosamine of the mucosa in the injured portion tended to decrease but insignificantly with cortisone administration in the early stage, while in the intact portion, hexosamine of the mucosa decreased significantly with the same treatment.
Prednisolone caused perforation in most stomachs, especially in the early stage admin istration. When Na salicylate was administered, the area index of ulcer increased in both the early and later stage administration ( Table 6 ). The grade index of ulcer only increased significantly in the early stage administration. Simultaneously in this injured portion, hydroxyproline of stroma decreased in the early stage administration, while on the con trary, hexosamine of mucosa decreased in the later stage. Hexosamine content of the mucosa of the intact portion showed a similar tendency to that of the injured portion, but at a far lower level. See Table 5 .
S. Time course of acetic acid ulcer healing treated with ail ti-inffalmnatory drugs
The area index of ulcer increased remarkably on day 7 after the operation in the con trol groups and recovered gradually to the control level, however, Na salicylate markedly delayed this recovery. The grade index of ulcer increased significantly in the groups treated with anti-inflammatory drugs (Table 7) . (7D), (14D), (25D) : 7th day, 14th day, 25th day after the operation. Numbers in parentheses indicate number of rats. Ulcer indices are expressed by mean+s.e. Na salicylate, prednisolone and saline were administered s.c. every two days for 7, 14 and 25 days. Animals were sacrificed on the 7th, 14th and 25th day after the operation.
As shown in Table 8 , hexosamine content in injured mucosa decreased by administration of anti-inflammatory drugs on day 7 after the operation. Also hydroxyproline in the in jured strorna of the ulcer floor decreased on day 7 after the operation and this tendency remained until day 14 after the operation in the case of both anti-inflammatory drugs.
DISCUSSION
Robert et al. (21) suggested, according to the animal experiments, that hexosamine of mucous membrane represents the mucus content, and in turn showed that hexosamine in the antrum was higher than that in the corpus and further that for this difference ulcers (7D), (14D), (25D) : 7th day, 14th day, 25th day after the operation.
do not develop in the antrum (22) . In addition, it was reported (23, 24) that hexosamine in the mucous membrane was reduced by restraint to a greater extent in the antrum than in the corpus.
In the present experiment, hexosamine content of mucoua was found to be higher and also hydroxyproline in the stroma to be lower in the antrum than in the corpus of normal rats. The effect of non-steroidal anti-inflammatory drugs on hexosamine con tent in antral mucous membrane was drastic and this phenomena may be similar to that observed under restraint stress.
The fact that gastric mucous secretion decreased with steroidal anti-inflammatory drugs has been widely reported (8, 22, (25) (26) (27) . In this experiment the reduction of the hexosamine content in the injured portion of acetic acid ulcer was remarkable and the healing was delayed in the early stage administration of a steroidal drug. These drugs also reduced the hydroxyproline level of the ulcer floor, which became deeper, followed by the increase of grade index of ulcer, which was different from the ulcer aggravated by Na salicylate. Na salicylate delayed the healing as expressed in area index in both the early and later stage administrations, but the grade index was increased significantly only in the early stage administration, when it had only been applied for 7 days. The increase of area index may be related to the lowered hexosamine content in mucosa and the de crease of hydroxyproline in stroma, and the increase of grade index solely to the fall of hydroxyproline content in the stroma. It must be mentioned here that 20 days admin istration of Na salicylate or phenylbutazone aggravated acetic acid ulcer and that the hexo samine content of the gastric mucosa of the injured portion was lowered consistently.
Martin et al. (28) reported that one of the mechanisms of gastric mucosal injury by cortisone and ACTH may be a reduced rate of renewal of surface epithelial cells and that aspirin and phenylbutazone, on the other hand, appear to affect the gastric mucosa in such a way that shedding of surface cells increases without a concomitant increase in the rate of cell renewal.
Schonhofer et al. (30) reported that the activity of glucosamine-6-phosphate synthe sizing enzyme in gastric mucous membrane of the rat was specifically inhibited by phenyl butazone or Na salicylate, that the latter exceeded the former in this inhibitory action in spite of a lighter gastric lesion than the former, and that the enzyme activity and the inten sity of the gastric lesion produced by them were not parallel. Glucosamine-6-phosphate synthesizing enzyme activity appears to parallel the hexosamine content of tissue. In our experiment, it was demonstrated that hexosamine in the intact gastric portion of the rat with an acetic acid ulcer was reduced by phenylbutazone or Na salicylate with the sL.me pattern as enzyme activity inhibition, but in the injured portion, the mucosal hexosamine content was dissimilar to the enzyme activity but closely paralleled the ulcer index (Table  3, 4) . This is in good agreement with the results in Our previous paper (17) .
These observations suggest that the mucosal hexosamine and stromal hydroxyproline content in the injured portion play an important role in ulcer healing, and also demon strate the difference between steroidal and non-steroidal anti-inflammatory drugs regard ing retardation in ulcer healing.
